Abstract : A stretching device, which could quench a deformed sample, was constructed in order to observe the morphological structure of native biological tissues under tension with a transmission electron microscope by utilizing the freeze-fracture and -etching process. As an application, morphological change in collagen fibrils of rat tail tendon (RTT) was examined. In the undrawn sample, the band pattern was clearly observed in both cases of freeze-fractured and chemically fixed ones. When RTT was drawn by 6%, the band pattern almost disappeared but fine striations 10 to 20 nm thick were observed along the fibril axis by freeze-etching method, while the band pattern still appeared without the striations in the case of the fixation method. Such results suggested that freeze-fracture of a drawn sample could give new informations for the native structures of biological tissues under tension, and proved the availability of this apparatus.
The deformation process of collagenous tissues is considered to be worthy of study since it plays an important mechanical roles in many parts of animal bodies, such as tendon, skin, bone, aorta wall and so on. There have been several works (1) (2) (3) (4) reported to relate the mechanical properties of collagenous tissues to change in their morphological structures during the deformation process.
In such studies, however, few workers have utilized the freeze-fracture and -etching (FFE) technique which has been widely used as a highly advantageous samplepreparation -method to observe the native structure of biological materials with a transmission electron microscope (TEM), since Steere(5) developed this method. The present authors constructed an equipment which makes it possible to supply a stretched native tissue with a tension for the FFE procedure.
A front view of the constructed apparatus is shown in Fig. 1 and schematic diagram of a rear view of the cassette-type stretching device appears in Fig. 2 . The procedure of sample preparation is as follows (the alphabetic symbols used correspond to those shown in Fig. 2. ) ; 4 . Drawing of the sample is stopped at the prescribed strain or stress and the stretching device is cramped simultaneously with a lever (F). 5. The cramped device is removed from the drawing machine as shown in Fig. 3 and then quenched into melting nitrogen (coexisting state of liquid and solid nitrogen at 63 K) to freeze the deformed structure or to avoid the stress relaxation in the drawn sample. At this stage, it is also possible to immersed the sample into a fixing reagent instead of melting nitrogen if the chemical fixation is required. 6 . The frozen sample is cut or broken at the both ends of the groove of the sample holder (A) and then transferred into a FFE apparatus (the sample adheres to the sample holder with ice). 7. The usual FFE procedure is performed.
As an application of the constructed apparatus, structural change in rat tail tendon (RTT) during the deformation process was examined. The sample was removed from the freshly killed white Wistar rat about 1 .5 years old. A tendon (30 mm long initially) was stretched at a rate of 5 mm/min. A TEM photograph of the FFE surface replica of the as-removed (undrawn) RTT is shown in Fig. 4 (a) and that of the drawn (6%) sample is in Fig. 4 (b) . The band pattern 67 nm periodic is observed in Fig 4 (a) , while such concavo-convex band morphology becomes ambiguous and striations 10 to 20 nm thick, parallel to the fiber axis , appear in the stretched tendon (Fig. 4 (b) ).
Kastelic (1) reported by the usual sectioning and staining method that the clear, although being woven , band pattern was observed in the stretched RTT collagen fibrils without such longitudinal striations . His result was also confirmed by the present authors utilizing this apparatus (see the sample-preparation procedure : step 5), as shown in Fig. 5 (b) , where the band pattern is observed clearly with some weaving or inclination of it and splitting of the collagen fibrils occurs in some regions, while Fig. 5 (a) shows the typical band pattern. The striations observed in the stretched,freeze-fractured and -etched sample seem to reveal the morphology of the inner structure. There are two possibilities considered ; the surface structure of glycoprotein surrounding the collagen fibril (bundle of tropocollagen molecules) may be deformed or destroyed by such stretching, or the fibril itself may be fractured under a tension. As a result, the inner structure of the collagen fibril seems to be exposed in many regions of the sample, which is not observed by usual chemical fixation and sectioning method. The longitudinal striations 10 to 20 nm thick have been reported to appear in many types of collagen fibrils by using several techniques for TEM observation (6 ) . Although the origin of such striations is under present scrutiny, a speculation is possible that such striations observed in the stretched RTT collagen fibril (Fig.  4(b) ) may be related to the subfibril structure reported by Itoh et al. ( 6 ) , who suggests that the subfibril is easily destroyed by chemical fixation and/or dehydration of the tissues. Such results suggested the availability of the apparatus to obtain the informations for the native structures of biological tissues during the deformation process. The precise structure analysis during the drawing process of RTT will be reported in the near future by utilizing the apparatus constructed in this study , which will be also applicable to study the morphological changes during deformation of polymeric and/or composite materials as well as biological ones, mainly connective tissues.
